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A it ^ # Bw & & *!l *J] JS& '€ St ) 

IS. 

£ 9i ?r — j® A it -ff- # ss -si ii ^ >K«j it, ^ life -=t t: st 

^ . .g. if. #A It IE St $'J $'J 7L # ( master device ) 

— -ML ^ ig] # jl.'J tl if ( slave device) 'D St fk _L 5 ik T 
^ ^ H- It *h ft 4l »J it, 3t J[ tff « % <fij it A ii ^ »J tt, -£- 0 
§ij • ti »J 7b it ^ »'J it, it # M & f: st fct -t ^ $fc St # ’ 



« $ Jft 31 i£ J# ^ tit 4- - I® # *1 It it st A ^ IS *t # 
fit, tl >U'J it, > it It jit ^T ^ jH'J # $'J 7t -if- Jk. & 4 Pel 4 4 ° 
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B7 

JL ' & Witty ( l ) 

m 45 ^ 

& IS) ( boundary scan ) 4^ tj $'J 

*J) & 't *&■ fs. ’ — 

t: & A -t ° 

# B d # ft 

ii #■ B® ft /V ft ft , 0 .?, J T A G ( Joint Test Action Group ) 

m W & * - * # ft A 4l «'J Air & * iil^ATSlt^ 
*l 4, & *fc >t ft ^ #r «, ill ’ 

ft ’ i£ JL £, ft ^ ^ I C t& it 4: # ■ fl 7 IEEE 

114 9.1 ° tlC«a#-###^4L8l'JK1EJSS-rt^^«^*LJi4l^ 

^ IC it If ( board-level ) tA, ft 4- 

0 % Jf J% ft ( chip-level ) ft $'J A *$- ft, 0 

ft 4- ft. $ # ff5- J# ft $ ft « ft J. A ft m ft ft ’ #-J *» : ft *5 

ti§ ' tlif i 

-4. — & ' ’ it 4b $ 

ft ft ft ft ft ft JD 4. ft ft #■ Jt ih ?!. 4$ ’ M- ifflir ft. ft ft- it ft ft 

St ft ^ H it =fr * « 4s. ft & 3t tp ft 6$ ft -& ft f® ’ S Jib # ft 

ft ft iH'J A 7? ft ( probe test ) tL ® £& tB # ft &\J #& fg ° # # ifl'J 

A 4£ i$j $p M. ft i ® $p H m ft ft ft b# ’ ft ft *J iA #6 J. ft $L ff fi 

ft -ft ft A, A 'T ft '14. A ’st S-'l fit A 6-j fit ^ * ft A ft ft -ft .t, /IF! ii 

• ^j 4* # 7L ft 4i # ft si ^ a a 0 9 b 

( flip-chip ) iK l 500ftlW'«_L4LBGA#fti3ii^*ttftilt4L 
if A BA >1.'] o 

% A A rn % - fi ^ t %T ft if) * ?P it « US 4l t % *J A «fc ft 
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# i # & t «S- & -L £ A B 9 a /f &. ai M ° m l & — W ^ 4l 
S& &. it ff it # # «S j*I »J t* S&- 4S. TT * W ° — $*&■' =*5. 

’ #'J 

■4b tc # 1 1 1 ' $ *JL #• *1 A 4t 7t # ( CPLD ) 112 ' A m. H 
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A it # »J it "t 3& ^ to ft 1 2 ' felltilJlSie, ft ttl8Afe W 
i& ,tl *J it o it it j»J it # ^ 4 1 7 -C 

it. T ’T ft fr it ^ jfl'J it i -ft *b ’ iS "T ^ T^r # ^ -t. #£ 

^ m & & %& *i *s- m 1 4 & ^ ^ 41. #. #1 ^ ft zb ^ 1 1 2 > a 



a m- it # # ^ ft w * -it ft i 9 1 » #.4t m M & & ft m a it 

( in-system programming ) -Z. *h it ° 

^ rSj It it ^ # 0^ jfl'J i ft f73 M f: JS- 4s. 1 0 *h # I 
ffr >F'J It 7^ ft 1 5 fr ’ ££ iF.'J il A ft -& » ° ilb » 

f M » a ilb tf- 0 tt ^ tl ^ fb ^.'J 7^ 7f it * f ’ f75 # t tfr 

0- fl # iSt it 6 (j » 
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^ i £r 0 W « «. # - * JL it # # 41 0 & JH'J 7t Ji7 
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nl 't 5ft- 4 sl ° It ® as- fe »r ^ $. & M] 4ft b# & 4t ti $. ai iK * ^ 

3$" ^ 5^ #. t^- — i|:-^#lroit{f7t#^^^'i:^fe_L ° 

. * # afl - 3 L ^ — a 6 *j #. «. 4 * - « * % a ^ 4 $ tu f ^ 

#L * # & 't 5ft- 48. £- $k $L & U & *h M 4fc & ^ % ± -£. *JL # T *1 

5^ 4b ft # j^t f# "T #1 5^ 4b fvl P£ #J ( Field Programable Gate 
Array ! FPGA ) ft 4i » M li] ^ £] % aj ist i& 4# ilL If 

ftf $ 4 b Bt Pfl ° 

^ ^ 4i # ii a w 4 * .& fm& ai n, & ^ ° m * t 

jU ep -ff 4 l *h # it) a.'J i^ i& # "T ii. 4f l£ 5ft- ^5. i& ft- # BsS a.'J 

JL 4^ ° 

A ii /& -L ii 0 i£ i€ & W 4t # #f E& 6\J 4& S& ’ >£- & a ft 

m -* — * it # # b$ 4l li 4, ai ^ ^ 4l -f 5ft- 4s. • * #. # #i 

if f ^ ai M i a>j ft # ft & ^ - * # ?£ it i® # ai ft # 4 l t: 

5ft- is. -t- ’ 

ai 1 1 0 ^ " t i ai ft 4+ 4 l ai iK ^ # M & 'C 5ft- ^5. _l 3 ^. 5ft- 
# ’ vx $ m a ii «f ^ ^ ^ ft # - f® # aj ft # % ^ 4 - 

^ ^ j% -£- a-j > &#&'%'& a*] # ai ft # * ^ t ^ P6 # - 

i ' ?i # f® # a>j ft 'If — i a>j ft ft » ti ?i f® # ail ft #- 

> - 0 - * ^ il: ^ -3L a>J «. t 5ft- ° it i 

aj ft # m it i fs. ^ ® ’ jl it ?i it fm # aj ft ft ffj ^ 

— ai iK 5ft- # ° Jt > itia'Jft#^l^J.Ail:^-#s®-^. ai iA 

'n P\ ’ jt ,t£ i±7 it ai i^ ^ft- # ^ jl it ?S. it f® # ai ft # ° 

m A *. ffi » M m 
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7F 7% ® I ^ 

W 4 4* 4- # ^ 4^ “t S£ *1 & 4 t £ $, «!l M iJl Sfc # 4& -£. ^F * 
ffl ° 



7t #■ 


# mum 






1 0 


% & -=t f; *&■ 4s. 


1 1 1 


44- it 4?- # B® 1{j ■?§- -t. 7L 44 1 


1 1 2 


?i # "T 5^ 4b 7G # 


1 1 3 


j& m H 


1 2 


4. * # 4; ^ aa t< *e ^ t. rt & 




1 3 


& 4s. 


1 4 


/H 1 ] -fe 


1 5 


il 4$ >flil tt i& 4fn 


1 6 


1/04 


1 7 


a*| ** # JJ*. 4 


1 8 


% % Pit. Ik M. m iz It ft 


1 9 


w te M tt 






2 0 


*it##B&'tJ&^tt,4* 






2 1 


^ 3h 41c J#P 


2 2 


it ^ % # # JP. 7L 


2 3 


»J M # 3ft 4 4£ *1 H 
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3 14 i iH'J 7L 4k 






3 2 ^ * # it # 3PJ « 


^ $k Z- 7t 4k 




3 3 i 4S. 


3 4 


$4 ik & 


3 5 m ^ if 


3 6 


1/04 


3 7 *'J # Jpc 4 


3 8 


fy & Bt ^ Jt 3$ 


3 9 4* W fc it- It 
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# 3I'J 7t 4+ # 


# Bfl # 4a tt a 4! 







Si 2 44- ' — W -2L JRr it 4?- 4^ B® &$■ Z. 7L 4k Z. TF Si " M 7G 

#20 a # 4k $ti® & 4k W2i i i% #j it ^ * ’ n j-h m 4k m 
2 1 i$ $k n 7t ik 2 o 4% %. ft &- m *h at ° *h -& - & m 4k m 2 1 ^ 
4p##~T4iw^#^ifc^it:^ j f#fl-f-7L22$.&40i4 4£ ’ 
t* it # # # H- ¥■ it 2 2 # - # it % # n JL * 4a * 4 l ^ 7t 4a it 
& ’ 0 »J -8, ft ^ 4 

fel'JS23^titfr20tfe^ ’ % & ^ T H ^ ft ^ Hfe -=t 4k 
j# P : $’J 0# M. $«r A. 2 3 1 ( Test Clock Input i TCK) ' jfl'J 4H H 

it # 2 3 2 ( Test Mode Selector ; TMS ) AilHtf t tt^233 
( Test Reset Input ; TRST ) • f, ft > it # »J if 44 X 2 4 1 

( Test Data Input i TDI ) # $'J 44 {±5 2 4 2 ( Test Data 

Output ; TDO ) -t. 4k $P J5'J It -& I4 1 2 0 zl >H'J ifl lift A. # 4$f 

th 3Sft ’ t£ p% 4® 4k JUS? it $4 4sf 4* 4? # ii 2 4 ( instruction register i 

IR) 4a it #• ° 

n 3 if- 3 M z 1J£ & 4& & 4t ii: ^ 4f B& %'] -z z? & ISI * 4£- i 
# # «t 4. ^ # - T A 4. it # # «$ flf * »J i* IT 4+ ( test 
pattern ) Z Jl $'J it # 3 1 4 i£ 4*- It) £§• 45. 3 0 -t. Jt 45. 3 3 _t ° i 
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JL ' IttyilW ( e ) 

«'J 7L ft 3 1 4 f& # >Jfl ** 5& f& 3 4 rfli # $<] ft ft 3 1 1 $ jft • £ i% 

*1 t* a 3 4 ji ’ f.i;i'j7t#3i4f atms ' trst^tck 

^ ft # # a-J tc, ft 3 1 1 ’ rf&TDl*»MTDOfar$fc#*## ;«•! ft 

3 1 1 t m it m « -t -S9r - fm # m ft ft & t d o & * & » # u 

ft ft # 4 T - 'flu # am it ft -C T D I m t ^ Ht ^ ft fife • f*. J* >5T 

^ ft tf S\) # «'J ft ft rlf ffc. ft ( #r , a .2 f S^I^] ) #i*r A. ^ A >#] 

ft it *f • 

£ >f'J ^ ^ II 3 4 i i iS'J 7L # 3 1 4 ' # »] it ft 3 1 1 ' 
«ftfb;jLft3123l&«I£313^i%*#i£.?t#Bi$1fcJ& • ft 
3L *1 it ft 3 1 4 fT -& ft & ft -It fit ^ ft & *J H ’ -g* * £ ft «fc it 

^ tf a*J ft f; &4^ftft.i.-&ftftft -It ft • ft ft & # ] H T it ft a*] 

ft ft ^ ^ tb ft > ii ' a T ft ai ft ft £ ft & I / O 4 3 6 ft & S. & ft 

tit E35 > JL it “t ft- 4s. 3 0 ft & ft it & ft A. _£ ft ts. -h > 

m Jtb 4- ;£ ffl ft ft t ft ft 3 o it ir & % it ft ft ft # a» ^ a«J ft > 

S t 4 t f 3 M » ft t% »J ftftf&34-&tr®kft 

( bypass ) - * t f # t # S'J t ft * « fp # atf ft tf] H# HQ ° j$l 

it IF # a* ft & # tr ft 4 * if ft R a*J ft t & t: it ft 3 2 > % ,t| 

PA ^ JE 1£ 'ft- ft 3 8 A 'Jfe M it 'It ft 3 9 it ft f# Mp ^ 4k & $L M »'J 

iK ° itb # a tl t. i a>J 7t ft 3 1 4 fife- T T #- ft iA # a>J it -=t 

^ ^ ^ ^ #1 ^ fl| H * it *| i^^ft34'^^it 

?!. # "T ti fb it # 3 1 2 - 4. * # jT # • # # tt ft W id -It ft 
39 t ° t & ’ itfi^' 5 TtI.^fb7t#37#^r^FPGA^ 
gal f it # ft, ^ i ail 7t ft 3 1 4 n ti # tr ti A fb 

7L ft 3 1 2 # ft it [5] - L0'J it ^ ft 3 4 Ji > a Jb <p ft # # ^ ift m. 
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A ifr 4'+ A rn iK ^ M W 4£ $ * # >5r «. • 

ffl 4 4£ ^ fg- an ft. *$ & *SL #1 4t £ $, »J ft tL Sfc # & ft -* it 

W > ^ t i il'J 7t ft 3 1 4 * TDO t » ^ ib ilj f tt il fc & a 

ft 5. It »J it 4ft # 4 2 ft # - 4® # aj it 4+ ft T D I 4& $p ft % — 4® 

# *'J it 4ft ^ & T DO#»t A Ht ’ J. T - 40 # 3PJ it 4ft ft 

T D I 4ft 4ft 0 4ft ib 4ft 4ft ’ 4ft 'R'J ft? 42. 4ft ft 4ft 4ft ft" 6%j 4ft /£!] tg 

4 ft ’ it ftj H 4 £ — 4 ® # $'J it 4 ft ft T D O 4 Jc $i> ^ jfc ifl S. 1& ft >H'J 
it4ft314ftTDl4£$P - 14HCK ' TMSftTRSTII^tifl 
$i 4 ft ft? ft *'J it 4 ft 3 1 4 -ft 4f ft- 75 " ft A 5 . &- # $*J it 4 ft ft 0 
ft If afl ft 4i 4t ft % A 4i #f # li e> 4§ ft 4t* JL > i» .fi & & ft 

ftif 4£ % ft A ft 475 ^ ^ ft # *3 ft ftt ft A 4^ ft .*3 4ft # 4f ^ 

f f ftf ° 0 jib ’ A # 0 ^l 4 ^ it Ie, HI 

M ft P& ^ * tt # 4fc 4*J m- 4^ ft # • ^ii&teft^fft^^ft'g- 
aH A # 4& A 4#- Ift ’ it Jb « T ft t i# 4 *J la IS #r >& It 0 
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?!. #. T® # $'J 7L # ’ m ^ it J| 4s. t§7 ’ JL Jt # i£ -??- 

# raS 4 l 8e] M, 'C 2§- ; 

— i it # > in & & ’ jl -m n & m # 

>H'J it # ^ i& — iE'J iK $& # ’ it Jl tl T4- TH ^ JL i it. # # 

-£. >JJ'J i^ '# # 5 ii M & it 5B'J ^ Til $*r >v J. It M. T® # $'] it 

# ° 

2 . *p t it -#- M la SI # 1 ^ * it ft # f& 4 l I] & 8t»J ■&, *t> i& -sc 

^ 5S- >{5. * $- ^ it ?JL #. -fa # »J 7L T4- $L & T ^i- ^ 4b it # ° 

3 . *> t it -#- M & SI % l 41 * & # # h$ ^ & A m n *h it 4l 

-t J& 41 ’ I- t t “T^I^^it^ACPLD^FPGA^fr ® 

4 . *> t it 4 *»J le. Ill % l J Ji 41 * i£ # # h$ ij ^ acj i* # *& ^ 
*t S& 4R ’ ^ + t i ;I'J £ 4 eL i TDI ' TDO ' TCK ' 
TMS -5.TRST# fp » f TCK ' TMS^TRSTttf tt 
#. #7 it i $’J 7L T4- m -f- Tr &\J 3T 5^ # ih 3L M it M. T® # $'J 7L 
T4- ’ ^ tt T D I 2L T D O ^ # ^P iH Sfe i$ ^ ^ M tt A S'J 7L T+ 
MM HM. M # «•! 7L Tt • 

5 . ^ t if -#■ *1 la ® ^ 1 4i * it ^ 4i g ^ m n *b it ^ 

’ * t « & *L 35 & il^-I/04 ’ 

it i >I'J it # $'] M ° 

6 . ita t it 4 #'J l£ IS ^ 4 ^ ^ * it # # iJ ^ »'J ^ ^ 

> * t M &. HSL % n t - »J M ^ 4- ’ ^ TDI 5. 
TD O # fp ^ - II • 
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7 . -kv t sf 4- #'J ie. ffl 4 *M it # s® i] $, »J it ^ ^ 

t $& U ’ I- t t i >K'J 7t # 4 — ft ^ i£ *lt ft -£- $t & #] E > 
?£ i& 'It ft T # i£ ?£ #: i® # «'J it # >fl-J it if- ¥r • ' 

8 . *» t if •#• #'J le. ® % 2 x % M- it ^ # b$ -t. £ $, 3M it JitL -t. 

-f 5S- 45. ’ & + tfc i «'J 7L #• J!r # ^T 31. it 4t 7L # -t. #1 it 
*% ’ TH4t *3 it #. *£ ££: i£ #1. it 4% ^ i£ “T #1 it 4b 7L # 
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